INTRODUCTION
EVERAL subjective methods can be used for the evaluation of synthetic speech quality [1] - [4] . As we focus on emotional speech transformation (conversion) method with cepstral speech description [5] and modification of speech spectral and prosodic parameters in the text-to-speech (TTS) system enabling expressive speech production [6] , the users' opinion is very important for us. Therefore, listening tests must often be performed. However, a problem exists with their collective realization (more people together -for keeping the same test conditions) and also with repeating of the test in a short time interval. These personal problems motivated us to find another method for evaluation of emotional speech synthesis.
The spectrogram can be successfully used for visual quality comparison of different approaches to emotional speech conversion. This method works in the time / frequency domain and we can perform synthesis comparison of a short sentence or an isolated word by this approach. Disadvantage of subjectivity of this method can be eliminated by spectrogram classification with the help of statistical parameter analysis. This statistical approach is also often applied in other areas of biomedical research [7] , [8] .
The second approach is based only on the analysis of specific parts of the spectrograms (regions of interest -ROI). From these ROIs the mean periodogram by Welch's method [9] , [10] can be determined. Finally, calculation of the RMS spectral distance between normal and converted emotional styles of these periodograms can be used for objective matching and comparison. These methods are used for comparison on the segmental or phoneme level of synthesized speech [11] .
SUBJECT & METHODS

Spectrograms of transformed emotional speech
Emotional speech conversion method based on spectral modification of male and female voice using the cepstral and harmonic speech models was described in our previous work [12] , [13] . Our approach to spectral modification consists of non-linear spectral envelope transformation with the effect of the first formant shift to the left and the higher ones to the right for pleasant emotions, and the first formant to the right and higher ones to the left for unpleasant emotions according to the knowledge of psychological and phonetic research [14] . The proposed spectral modification is combined with modification of F0 mean, F0 range, energy, and F0 linear trend superposition (at the end of the sentence, rising for "joy" and falling for "anger"). 
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− time duration shortening for "joyous" and "angry" styles. − Therefore, normalization in the time domain must be performed before the spectrogram calculation and comparison.
For time duration normalization we can use linear or nonlinear time scale mapping function, or dynamic time warping (DTW) algorithm [15] -see the block diagram of spectrogram calculation in Fig.1 and results of the applied method -the set of four spectrograms in Fig. 2 . Every spectrogram set consists of the original neutral sentence and three transformed sentences in emotional styles -the calculated power spectral density (PSD) values in [dB] are used for next comparison and evaluation. 
Subjective and objective comparison of spectrograms
Our first evaluation alternative to the listening test was visual comparison and matching of displayed spectrograms (see block diagram in Fig.1 ). However, results of visual comparison of the whole spectrogram depend strongly on the person that makes this matching. For objective comparison and matching of the whole spectrogram, the statistical approach based on analysis of variances (ANOVA) and hypothesis tests can be applied [8] .
To obtain more precise matching results it is necessary to select typical or interesting parts -the ROI areas. From the chosen ROI area, the mean periodogram calculated by the Welch method can be determined -see demonstration 
MATERIAL, EXPERIMENTS AND RESULTS
The speech material for this experiment was obtained from CDs of stories in Czech and Slovak languages uttered by professional actors. It was divided into two databases (separately from male voices -77 sentences, and female voices -51 sentences, 7+3 speakers altogether) consisting of short sentences in neutral emotional style with duration from 0.5 to 2.5 seconds, resampled at 16 kHz.
Spectral properties modification together with prosodic changes of F0, time duration, and energy were applied to the source sentences in neutral speaking style. Resulting sentences were obtained with corresponding settings of emotional styles conversion (joy, sadness, and anger). In the case of male speakers, changes described in [12] were carried out, the sentences of female speakers were modified by the transformation described in [13] . Three series of experiments were performed: 
Experiment with processing of all database sentences
Since the speech material collected in both databases (male / female voice) originates from speakers (S m / S f ) with different mean F0 value (see Table 1 ), different parameter settings for spectrogram calculation (window length L W and window overlapping L O ) [10] must be applied. Therefore three classes of spectrogram parameter settings were realized (C1-3 m and C1-3 f .). In every speaker class the set of four spectrograms was calculated consisting of the original and three modified sentences in emotional speaking styles -308 sentences of male speakers and 204 sentences of female speakers were analyzed in total.
Results of the ANOVA analysis of the set of spectrograms (sums of squares, degrees of freedom, mean squares) in graph form together with visualization of differences between group means are presented in Fig.5, Fig.6 and Fig.7 (for male voice), and in Fig.8, Fig.9 , and Fig.10 
Comparison experiment with the listening test
In this second experiment, the Ansari-Bradley hypothesis tests of the PSD values of spectrograms were carried out [16] . In the case of male voices, the sentences of speakers S1 m and S4 m were processed, therefore the spectrogram input settings were the same as for the class C1 m (see Table 2 ). For processing of the female voice sentences, the setting was the same as for the class C1 f , because the speaker S1 f uttered all sentences.
Comparisons were performed between original listening test 1 results obtained in correspondence with [12] (see Table 3 ), and [13] (see Table 4 ), and current obtained results from spectrograms. Resulting null hypothesis/probability values for 5% significance level of the Ansari-Bradley test are presented in Table 5 (male voice), and 
Analysis of voiced sounds by Welch's periodograms
From the main database of sentences, the derived one consisting of manually selected basic vowels "a", "e", "i", "o", "u" and voiced consonants "m", "n" and "l" was created. Spectral analysis with the help of Welch's periodograms was performed in two steps: 1) visual comparison of calculated Welch's periodograms (for selected ROI from the database of vowels and voiced consonants), 2) numerical matching of results from the calculated spectral distances between corresponding periodograms by the RMS method. The lengths of selected ROI areas were chosen as multiples of basic L W length setting (see Table 2 ). Detailed mean periodograms of analyzed sound "a" selected from the speaker classes C1 m /C1 f are shown in Fig.11 . The spectral distances calculated between mean periodograms in original "neutral" and transformed emotional styles are summarized in Table 7 (male voice) and 
CONCLUSION
Results of evaluation experiments with full spectrograms confirm our premise that spectrogram can also be successfully used for visual comparison of different types of emotional synthetic speech. This alternative additional approach to the listening tests enables to make the objective statistical comparison by ANOVA, and hypothesis tests. This approach is more simple than recent speech recognition methods using evaluation by hidden Markov models [17] or in real-time emotion recognition systems [18] .
In our first experiment, spectrogram calculation of all sentences collected in the main databases (from male / female voices, processed per class in dependence on the speakers' mean F0) and evaluation by one-way ANOVA were carried out. Using this statistical approach we test, whether the PSD values from several groups have a common mean. Next, series of t-tests, and visualization of differences between group means were performed. From the obtained results, it is evident that PSD data of the speaker class C1 m have small differences between means of the group "neutral" and the group "angry" (see Fig.5 ) -it means, that emotional transformation of this type has not fully succeeded. The situation was better in the case of the speaker class C2 m -where the interval of means of the group "neutral" and the group "angry" were close together, but without the coincidence. The best result was obtained for the class C3 m . In the case of the female speaker classes C2 f and C3 f , the position between the groups "neutral" and "joy" (small differences of means, but groups do not overlap) show, that the used transformation parameters were probably not optimal. The greatest differences between groups were obtained for the class C1 f .
In a classical listening test, only a limited number of sentences from databases (male and female voice) can be used for comparison. Therefore, in our second comparison experiment, only the spectrograms of sentences originally used in the listening tests were calculated. ANOVA gives also F statistic and results of the hypothesis test including probability values. However, a different type of hypothesis test was chosen in our comparison. Unlike the ANOVA F statistic, the Ansari-Bradley test compares whether two independent samples come from the same distribution against the alternative that they come from distributions having the same median and shape but different variances. With chosen 5% significance level, the null hypothesis of identical distributions cannot be rejected in the case of tested PSD values of sentences with transformed "angry" style in the case of a male speaker. This result corresponds with obtained values from the originally performed listening test -result of evaluation of "angry" style has a low score and many confused values (see Table 3 ). For a female speaker, the null hypothesis cannot be rejected in the case of the transformation to the "joyous" style, which is also in agreement with the obtained result of the listening test (see Table 4 ).
From visual comparison of the whole spectrogram and from principles of applied speech conversion method results, that emotional speech brings about the most significant spectral changes for voiced speech. Therefore the extended analysis of sounds based on Welch's periodograms was subsequently performed. The comparison of calculated spectral distances between "neutral" and transformed emotional styles of voiced sounds shows that the spectral changes (formant position and bandwidth) are the greatest for "angry" and the smallest for "joyous" style. These results are in correspondence with the applied emotional transformation method, which means this approach is fully usable for detailed spectral analysis of voiced parts of speech. But a weak point of this method is the manual selection of ROIs. Speech recognition can be used here (e.g. in the form of a simple phoneme alignment procedure) to get these ROIs automatically.
